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(57)Abstract 

PROBLEM TO BE SOLVED: To provide an A-D converter 
capable of accelerating or enhancing the accuracy of an A-D 
conversion process as needed and a solid state image sensor. 
SOLUTION: An integrator 10 inputs and integrates a current 
signal output from a photodiode PD, and outputs a voltage 
value A1. A first A-D converter 20 converts the voltage value 
A1 into a 8-bit first digital value (D1 1 to D4), outputs a first 
digital value, and outputs a voltage value A2 in response to a 
difference between a voltage value corresponding to the first 
digital value and the value A1 to an amplifier 30. The amplifier 
30 amplifies a difference between the analog value 
corresponding to the first digital value (Dl 1 to D4) and the 
first analog value A1, and outputs the amplified difference to 
a second A-D converter 40. The amplifier 40 inputs a voltage 
value A3 outputted from the amplifier 30, converts the value 
A3 into a 4-bit second digital value (D3 to DO) and outputs 
the digital value. 
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c o o 2 9 j nwmm* 2 Ob. pjx3b&#bb4 i 

0*^m^«?^fcSiE{fi*Si£A^S^«:A*L/. — s 

2o©A*d©gi i &^i*. co^mt^sMim^r 

S. Sa$fl'(3PSi54 3 0B. itl$0S84 2 0*>6ttW)$*l 

fcaEffifcAfro. c©iSEffltcs-5t,»ri5is:sag5c so 
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...©sa^jfl.STSSai&TK.i^c 2 eiitfrr * 1 1 
fc«c. cosEfiltcg-^TSaffiiSie^Efflv,.,, 
i*isf3£©»«iBT-a lx^ * tnmvtcm£K.-5j& 
sasec.„„©saffitcir.i;/cgs2©7 r yf ;m (d,~ 
d.) 

[0030] E) 7 B > 3r2©A/D^»lHl?840©aia: 

gasec ©isissia ra*. co?neeBtfc...a. 

8MffC,„-C,„. *4 yfSfSW.n-SW,,, 
TC, 1 „te<i:tf;*-r'?*SR*SW 41 „B. SVtcffiEiBSSI 

stir. y^^A^^siEA^Jg^iai^ffl^icra 
<cttt*6tiris9. x-f »m»sw„.h:, £fi3R* 
C.,.'*J:PX<f »^3RT-SW„.ofMtei«tt«tti 
©ffflfc&tt^ftri** (n=l~4) . S 

w„ 1 ^-sw, 1 .*j:cfsw 4I1 ^sw 4 „**»*nB. § 

BH904 3 0*6ffl*3*lfcSa.&*ll#C 2 

£/c. tBHK,„^C,„,*WMf 

aiEB. 

[»2] 

C„,-2C m -4C 4l ,-8C 4W -(2) 

[0031] ccOTK8a*c...0saflus. * -f ? 
? 1 *^sw, 11 ~sw, 14 fe<fcofsw 4 , I -sw 4 ,.*n-e 

4 , 4 *^rrat>-ct»si*«:B. ^iS!saspc 4 .,©ga 

ffi««*ffir*3 I 5C 414 <h=tcS. X^7f^SW 
4 „-SW 4t4 ©5*;W v*JR*SW 4J4 ©##e8#. 
?*jR?-SW 4 . 1 ~SW 414 ©55;W »«5fSW 

4 , 4 ©**«Hcri»4i#tcB. "5is:saSBc 4 „©sa 

SW 411 ^SW 4a4 ©5 fc*-f 7fjR?SW (ll ©*AJffl 
Dtt'SittCB. ^gaSiJC 4 .,©SafflBl 3C 
4 , 4 £fc£. X-f 7ff?SW„,-SW )M 05^X^ 
?*SR^SW 414 *}J:tfSW„,©#a.R!t. X<f9?X 

*sw 41 ,^sw 4 , 4 ©^;w;>*a : fsw,. 4 fcj:tf 

SW 4 , ,©**1H C"Cl»* 4 #KB. pI^SS5C 4 „„© 
SafflBl 2C.„i44. C©J:^CC. X-^-y^jR^- 

sw 411 -sw 414 *jiofsw 4tl ~sw 4I4 -tn-ei-i©ig 

KtcJ:0. ^gfflgpc 4()I ,©gafiiBk C, I4 (klJ 
0«±1 5tlT©SE») ©<5jn*>©fflii5:5. 
(0032] t^-3t. C©3I2©A/D^IeI884 
0-CB. aj^aa»®gg4 1 0. it!8I5]S84 2 0*s<fc 
WSaSIW854 3 0 h U * y y - K » ^ jU- ^"K *j 
hk8 4 [sI884 2 0d^©m*ffi«<:S-5i»r. HISIS 

as^@884 i o*>e.©m*sff«ii»aiiiE«iv r . fl 

«h©^©te*f<il^g/hi^-5<i:^(C. ^^aSBC... 
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gfiffi) w&mnm$i4 3 otctofMapsfts. -eu 
c« , .©4 ti©* ? ^jRiF- s w, , , - s w, , 

OPaHtt.«fCfSC-C4tT7 h©»2©f t S>*^HB (D, 
~D.) #§S#J1S8M3 0fr6tt};*j3tl*. 
[0033]«t*i. ^l©A/D^@S2 03&>6dl* 
3n*8fcTv hoailO^i^HB (D,,~D,) 431 
2©A/D^ft[lK4 0*»6>ffl^lStl44tr-y h©g!2 
©T^^-rt-ffi (D,~D.) tZM&Ltcl 2X-j YOf 
t>*A>H (D,,^D.) #. S^tlSSl 0 Hi* 3*1 10 
fc«E4l (IBlOT^P^fiB) Al*A/DSt»Ofcfc 
©4&*«*5«:. 3U©A/Da:gyi882 0tc£iS*i* 
S«ffi5R^©SSffl. UT 1 ©A/Dg[»£|g82 0 fc*fcf 
SS9NREffV r . f1 . 1MBB3 Ote^SttS&igaSR 
^©Sfiffi. m2©A/D^(Hlffi4 0{C^*nSSS 
m%?<D®m®. feitf. ^2©A/D^E8S4 0{C 
*»W -&S«imEffl V , . „ pas 3 

[ o o 3 4 j *ic, xmmBXuctez&mHma 1 *j 

«t^A/D^»iSl©S(ifPCCol,»-Ctfti!8^S. «ai» 
HJ„CC*rt>-C. y* h9J*- YPDfrhti&Ztitc 20 

a** *m- s w^jgra^sB i o cca 
c©a»iHigsi o©§s5R*c„cc*?s*jgg<* 
WctT, A^bfc^it^ffiKjfcc/cSIEffi (0 
l©7*a^ffi) AlWShi. S#@!S10*>6 
tB^Stl/cSEffittlB 1 ©A/D£»®?g2 OKA** 
S. C©»l©A/D3:feiaSS2 0«Ctel»r. 

^§as»iHiK2 i o. imm^2 2 0fej:^gw 

3 OfrhUhv a - F>< ? ^-^©S&fttCj: 
0. SSEffi (SlOTtpyil) A 1**8 t» hO*! 
Of»> *« <D„~DJ Cc£&3ft*. 3&1 30 

©A/D3!felHlS82 0©»I^SfaS«-lHll(82 1 0*>fc 
«. %\<J>?V>9i\,Wc%ti>9*>'*EM (7to?«) 
iA^L//cSEffl mwri-uvm) A 1 4©M«Ci£ 

0fc®IfiiA2*iai*3*ii. CCStSa-7hU. 

[0035] ©.®0K5OKj:SW©K<fcO3f2©A/ 
D^fe@H4 0*516^oI(i6«S(c*S£#Cc«. Sax 
» h U.©^ 1 ©A/D^»[elK2 O^eta^Sti/c^ 
lOf^auHB (D,,~D,) «. ©J'lSlia8S5 0K:«k»3 

iiifcK. Si-? HJ.©S&l©A/D8:&lHl»2 
0A>6ffi^Sn/cSJIfflA2«. *fl1SlHl885 0«C«tOtlJ 
A ? SW 2 Zftl,xmXlC}Q<£®8i 3 

SEfi8A2(CS^>l>r. jRlO^jrjI^B (D,,~ 
D,) JcWlE-r5T^n^fiI4IBl©T^Dy«iAl<!: 
©£*tt9i|II[s]?8 3 0 K «* 9 Jf«l 3 #vC . ft$l 3 ttfc«E 
«l(^2©T^nyffl) A3Att8iH@Sg3 0a>5St2© 

A/Da:fe[His84o^a^3n4. -eu-c. c©s?2© 

A/Dgl»lHlK4 0ecfel>-C. pJ^Saa»@8S4 1 50 
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0. im®%L4 2 0is&immfflm&4 3 0fr%tj:x>y 
<- KA„4r;U-^(DKifp{ciO. ®E<B (l&2©7:*- 

D.) fc£»3*i*. co.KSJCb'C. 0* 

(»i©r^o^ffl) Aia/o 

£iftl,fcifS&4b-C. i+1 2\Zv h©^f;Ha (D,, 

-d„> *iffl(*«fj!$SH i -e-br. & 

-f 9 *Sf&- SW&6tf(C3l 1 ©A/Dg»@882 0©& 
afc*** ^ ?S+SW 1 «fco'SW2 j&H&KKHH 

•rsct-c. c©@(*»ii$isitcs*ns^a©7* 

KPD*ft**\©A3ft£8&W2 h© 
9*S?**tf (D„~D.) 4bT»6*l*. 
[0036] — ^F. Sfl®lsIS85 0(C«fc4^«:J:0^2 
©A/D^gilHlffi4 0*WEff*±#$S«C&S4*{Ctt. 
Sax, KU.©8 l©A/D£&®gS2 0A><=>til?j3 
tltcmi <D?i?fi\'& (D„~D 4 ) «. ©]ffil[5|8g5 0 

2«i&JMi]g85 0{ct»)$ij{aisnTrai>7cas.*-c*s. 

*7c> 194111883 0*$<fctfSS2©A/D£J8@884 0« 

n/c^EEffl m i ©r^-a y«t) a i ZA/D&motc 

1&%:tbX> 8 t v h^tfU^a <D,,~D.) *«S 

w*5j:cKm i ©a/ds&hk^ o©aetc*ix-< ? 
aiJc#**i-s^»©7*>y^*- FPD^n-eti© 

^3fe^S*«8 e» h©f^2 ;HB <D, t -D 4 ) 4L 

[0037] «±©J: ^(C. 2|s:|liSJBSgCC«-2.®fm» 
^Sl*J«fcUCA/DS!»KSCC t J:n«. ®m®1& 5 0 tc 
.tSSJaJtc <fc »3 ^2 ©A/D^tftHS84 0 *WE bJS6« 

S(c45i*Kij, st«a(^aiK:i%*ti^»©7 

* P 94 *- FP D*ti*tl<DASi%?&&& 
©xi^MB (D„-D,) tisXn^tl*,. Ltcifi-, 

s»a©»#*^fiBr*.s. 

[0038] -JJ. *lJaHl!85 0(C<fc4*irtaKCJ:»)SB2 
© A/ D gisasiss 4 0 #*&ftt? jh^SK * 4 i * tc« . 

@<*fa»»ai cc#«tti5^a©7* h^^jj--KPD 

•€-*a-?«n©A3*#«K#8 hOf^ji^M (D,,~ 
JHB©f^ H»*^>%(,>*>©©. JSj$©ffl«*«oJtfeT* 

[0039] xmmm&icmzmm&iSiSimi ** j:^a 

5 0«:J:S$iJi3iiK:j: 0^2 ©A/D3!»|5]?g4 0 iiifp 
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$4Mlgg5 OK <fc*§llffiKCJ:«?3l2©A/Da&lsl&84 
O^EftffoIfi^SSibf. -€-0D»ih©*Ja«T4. C© 

©Haft* fcttiSffiaftiai c <t*«-c* s. 

[0 04 0 J */c. ^SSiBSSCiBt.ir^i^y-^M© 

(BAi2ja±r*4t*. -r&fe*i. «»<i©3n©A/ 

DSESSHB 2 0 K*f L ri Jffl©tS«i(HlS8 3 0 *s«fc 2 
©A/D^ift@S84 o*i|9:we,nrt>St#K:B. igtc io 

®3®«^{k*H4C<!:/Hr*4. 311 ©A/D 

^»@»2 0 i^2 ©A/D^@?S4 0 <b©ra«cJ@?I 
[lgg3 0*iftWfcC<!:K:<fc<3. S2CD7 : ^i«;HB*3t» 
*f£©«g©l6j±*05C £#r* 5. 
[004 1 ] *3£BJ«. ±faHS6JB)!S«cPSS?*x-&fcO 

0. SU©A/DS:»Ih1J82 0. tt«B083 Ofe<fctfSB 

2 © a/ds&ihik 4 o -en^n©^»w^ia88«ifiS 
exikKS'ct*. a i ©A/D£&iHi?g2 o/»e>m*s 20 

h5SltDfy^l-ffi48e-; hiL. IB2©A/D£ 

m@sg4o*e>ta*sn*^2©'7 5 y4fjufii*4K'v h 

iL/t*i. Cft!CI85E<*ttSfc©-Cl;i&(,>. 
[0042] 

(HE©**)*] «±. Sttffl»CSi9JUc£*i») > #»9JfC 

fc*A/Da&$satcj:*i«. Mreatc^sMwcj: 

0^2 ©A/D^|5|J8*i«l^t6«/StC*i)i #«C 
«. A^l//c»l©T^ciyffi«mi*J«fc^2©A/ 

D^»@8S«c«t<3A/Da:jft3n-c. snc-fffA-ffi 

*M*(C £ 0S2©A/Dgg»lHl88*W^±«SStC* 
&£»ICtt. A^L/fcmi©T^-o^fii{i^l©A/D 
3:»®88©#tcJ:9A/D£&;**iT. JUlO^l?*^ 
fi&WtB^3n^©-c. iSStt • firHSS^it*H-5Ci 

n. c©sssm^©ffl»ffi«cicvUfcSEfii/)«s»ig»3&> 
«. ±ee©A/Ds:»s$atc«fc»)7 r yi'JKii«:^ 
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8i<*ti*. OfctfoT. C©A/D3ift&iB£fcttHfc 
JB**8B*fflt»ntf. «*.«. *D®ls]SS5 0«:«t4$Uai 
K J: 9312 ©A/D&»IhI884 0 «:8t)fF^lfct#iSSi L 

■c. iSisrs&ia^ffl^-riciAir*. 8Hj'«aii5is85 0(c 

£ & M9PCCJ: •) SI 2 © A/ D3I&088 4 0 gttffoJtttt 

©<fc^cc. i£*(ci&G-cA/Da:««ziffi-r^*>%a«i6 

[ 0 0 4 3 ] *fc. m&®om l ©A/DfflftS«C» 

m©S2 ©A/D^&ieisgaJiattfcfi-c <,>*©# 
j*a-c&*. c«wte«:tt. £SMB©sn ©A/D&ife 
|5138-€-*i^*att^jiai^*s^JfiB-C*S©{c»o-C. S82 
©A/D£&®8Stt. SS<a©S l ©A/D^ftle!88-€- 
n-eh(CfeW*±I2S«r^-r»2©T^n yffifcJlRXtc 

A^t/rA/D^tft-rsci-c. Kicfiffiit«A4t«B 

[0044] tit. mi^L>xm2<D7taifmtt 

**wa@B*KJc«**©*«»a-c**. c©**«c 

K. »l©A/DSaftHBtc*5»*JJBa*5^r«E« 

#tiMiia8Kj:9Jtji*ti. mz<DA/D^nmmt. 

C©*««3nfcSEffl«:»2©r^a^ffiil / -CA*L 

■CA/Ds:»r5cfc. S2©^a»JHB**««>SK 

©ftK©ia]±£0* C £#r# *. 
[BB©fl*&IMII] 

[01 ] *Jttt&fftCff«A/D3%tSB£3trB(*tt 

[02] O©[E]S80-C*S. 
[03] 3H©A/Dgfc!!8S2 O©@H0-C*4. 
[04] »l©A/DK»@gS2 0©^SfifflC... 
©H8S0-C**. 

[05] *B4§@R3O©0880-C&&. 
[06] *2©A/DgBft0884O©0880-C&4. 
[07 ] ^2©A/DfEift@K4 0©5I^SSa5C... 
©@K0"C**. 
[flWDItl!] 

l-BttSMttS. 10"8t£BK. 2 0-»lOA/ 
DSdASK. 3 0-lf<§@88. 4 0 - »2©A/DSaft 
(§138. 5 0-M9PSI8. 2 1 0 ••• oJ3igg$#{eJSS. 2 
2 0"tt«@8g. 2 3 0-SBMM*. 4 1 0-?IgeS 
fifS^EHL 4 2 0~tt«B». 4 3 0-SBJWBB. 



